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We, E. I. Du Pont De Nemours and 
Company, a corporation organized and exist- 
ing under l5ie laws of the Stare of Delaware, 
United States of America, of Wilmington, 
State of Delaware, United States of America;, 
do hereby declare The invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is t» be per- 
formed, to be paniicularly described in and by 
the following statement: — 

This invention relafles to a method of 
chemically modifying titanium esters and more 
particularly to a metihod of ester exchange 
whereby new and useful titanium esters may 
be obtained. 

The formation of tetraalkyi tiranates (also 
known as ortho esters of titanium), through 
direct reaction of the alcohols with titanium 
tetrachloride in the presence of ammonia, is 
well known. Such a process is disclosed in 
Specifications Nos. 479,470 and 512,452. The 
exchange of the organic radicals of titanium 
esters through alcohol ysis is set forth in the 
literature. Howevcr 3 for the ptneparation of 
some esters neither of these methods is suit- 
able. 

It is an object of the present invention to 
provide a process of chemically modifying 



product titanium ester different from the re- 
actant titanium ester and a co-product car- 
boxy lie acid ester different from the react- 
an!t carboxylic acid eater. 

The polymmc titanium esters of the 
formula RO[— Ti(OR) 2 0— ] X R referred to 
above may be prepared from the correspond- 
ing orthoesters by reaction; with waller .and 
subsequent condensation. The orthotitanates 
or urthoesters are sometimes referred to as 
titanium alcoholates and phenolates. 

Where it is desired to replace all four ester 
groups of a titanium orithoesfier starting metal 
with ester groups derived from the carboxylic 
acid ester, approximately four moles of the 
latter are preferably employed per mole of 
titanium orthoester. Similarly where it is de- 
sired to replace only two ester groups, 
approximately two moles of the carboxyHc 
acid ester are employed per mole of titanium 
orthoester. Where k is convenient, the reac- 
tion products are desirably separated, prefer- 
ably as they are formed, for example by 
distillation. 

Id a preferred embodiment the invention 
comprises bringing together a aframhim esaer 
of the formula: Ti(OR)*, R being an alfcyi, 
atyl, aralkyl, or cydoalkyl radical of carbon 



titanium esters whereby ititanium esters are atom content of at least 6, as for example 



30 obtained different from the starting esters. 
According to the present invention, there 
is provided a process for chemically modify- 
ing a terra or mixed onhotitanaie of Che 
formula 1XOR), or a polymeric titanate of 

35 me formula RO[— Ti(OR),0— ]«R, wherein 
R is an alkyi atyl, aralkyl or cycloalkyl radical 
and x is an integer greater than 1, which com- 
prises transestenfying sudh a titanium ester 
with a carboxylic acid ester containing at least 

40 one organic radical in pits alcohol-derived por- 
tion which is different from at least one or- 
ganic radical erf the titanium ester and con- 
taining no free hydroxyl groups, do form a 



tetraoctyi tiianare, with a carboxylic acid ester 
of a polybasic alcohol) as for example coco- 
nut oil, in stoichiomqtric proportion to form 
a stable intermediate solution, healing said 
solution to effect cransesterification between 
the tetraoctyi titanate and the coconut oil, 
forming a solid tough body of glycerol, mono- 
glyceridtr and diglyceride titanates plasticized 
by the octyl esters of the coconut acids. The 
heat is conveniently applied by radiation, but 
also may be done by baking, or other suit- 
able means. Temperatures within the range 
of 50" C. to 200* C are suitable in effecting 
the metathctical reaction. 
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To a clearer understanding of ihe inven- 
tion, the following specific examples arc given. 
These example* are merely in illustration, 
but not in limitation of the invention': 
5 Example I. 

Four hundred sixty four parts by weight of 
n-butyl acetate were added with agitation t» 
284 parts of tctraisopropyl titanate in a re- 
action vessel. The reaction mixture was heated 

10 and the co-prcduct isopropyl acetate was re- 
moved by fractional distillation, the tempera- 
lure being raised to 90* C. The residual pro- 
duct was teira-H-butyl titanate. 
Example II. 

15 Two hundred thirty two parts by weight 
of n-butyl acetate was added with agitation 
to 284 parts of tetraisopropyl titanate in a 
reaction vessel. The reaction was heated, and 
the co-product isopropyl acetate was removed 

20 by fractional distillation, the temperature be- 
ing raised to 90 s C The -residual product was 
diisopropyl di-n-butyi titanate. 

Example III. 
To 166 parts by weight of guaiacol acetate 

25 was added a solution of 142 parts by weight of 
tctraisopropyl (titanate in 306 parts by weight 
of xylene, the mixture placed in a fraction- 
ating still and 101.5 pads by weight (equiva- 
lent to 99.5% theoretical) of isopropyl acetate, 

30 boiling at 88* C. was removed. The xylene was 
separated from the still residue by vacuum 
distillation leaving the product diguaiacol di- 
isopropyl tStacate. 

Example IV. 

35 Four mole parts by weight of phenyl ben- 
zoate and one mole part by weight of tetra- 
isoptropyl titanate were mixed in a vacuum 
distillation apparatus. During distillation, the 
theoretical amount (4 mole parts by weight) 

40 of isopropyl benzoate was removed at about 
40 mm. pressure. The resulting orange-red 
crystalline product was teetraphenyl titanate. 
Example V. 
33.8 parts by weight of coconut oil and 18.6 

45 pans by weight of letraoctyl titanate were 
comixed. The mixture was spread as^ a thin 
film on a glass slide and baked at 170° C, at 
which temperauire the liquid film set up and 
became a solid clear plastic composition in the 

50 form of a film. Interaction took place during 
the baking to give a new durable plastic pro- 
duct, suggesting its use as a plastic film and 
as an ingredient in coating compositions. 
Example VI. 

55 Thirty parts by weight of a penteerythrioal 
phthalate resin completely esteri filed with soya 
bean acid wefce mixed with 5 parte by weight 
of tetrasteaayl titanate dissolved in 24 parts 
by weight of xylene. The solution so obtained 

60 was flowed onto a glass slide to form a than 
sheeted film and heated to approximately 
120* C under an infrared lamp. The result- 
ing product was harder and more abrasion re- 
sistant than a film of the unmodified glyptal 

65 resin similarly prepared. During the heat treat- 



ment reaction took place between the resin 
ester and the titanium ester. The heat also 
caused evaporation of the volatiles from Jhe 
product. 

Example VIL 70 
Thirty parts by weight of a commercial 
resin solution product sold under ithe trade 
name ".Syntex " 120 (Registered Trade 
Mark) (an erjicWorohydrin-bis-phenol' co- 
polymer completely esterified with soy acids) 75 
were mixed with three parts by weight of 
tetraslEaryl titanate dissolved in 15 parts by 
weight of xylene. The solution obtained was 
, spread onto a glass surface and heated as in 
the preceding example under an infra-red 80 
lamp to approximately 120" C The result- 
ing sheeted plastic product was more resistant 
to. xylene than was the original Syntex 120 * 
heated similarly. The above-prepared solution 
of Syntex 120 and tetrastearyl tattanate could 85 
be gelled by heating to approximately 70° C 
showing metaahetical reaction between, the two 
esters at this temperature. 

In the foregoing Examples V, VI and VU, 
the formation of a product ritaninim esffier 90 
different from the Snitiai titanium ester can- 
not be directly demonstrated as the products 
of the reaction are not separated. To take the 
case of Example V, for example, the occur- 
rence of the reaction according to tbe'inven- 95 
rion may be inferred from the following con- 
siderations. Coconut oil alone wait not form 
a durable plastic film on hearing and, since it 
contains substantially no free hydroxy! groups 
which could -react with the nitanfaim. ester by 100 
simple substitution, one is led to the conclusion 
that tmc formation of a plastic film indicates 
that ester interchange between the initial 
titanium ester and die coconut oil has taken 
place. Similar considerations apply to 105 
Examples VI and VII. 

Example VIII. 
568 grams of texraisoptropyl titanate were 
placed in a dry flask fitted with a distilla- 
tion column and an agitator. A solution 110 
of 18 grams of waner in 200 grams of iso- 
propanol was added slowly with agitation. 
Upon distillation of the isopropyl alcohol a 
residue of approximately one mol of hexa- 
iso propyl dmtanate was left as a product 115 
of the partial hydrolysis of the initial isopropyl 
titanate. A solution of benzyl acetate dissolved 
in 250 grams of normal octane, was then added 
to this residue and agitated. The mixture was 
then distilled under reflux conditions and 200 120 
grams or approximately 2 mcAs of isopropyl 
acetate were recovered in the distillate The 
octane solvent was then distilled from the con- 
tents of the flask leaving as" a residue about 
500 grams of a titanium ester conJaming 31%' 125 
Ti<X. From this analysis, the weight of the 
final product and the amounc of isopropyl 
acetate (recovered, the product is indicated to 
be tetraisopropyl dibenzylditicaiiate. 
As stated above, titanium esters uAilizable 130 
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within the scope of Ac invention include terra 
and mired orthotitanates of the formula 
Ti(OR)^ and condensed or polymeric titanates 
of the formula RO[— Ti(0R) t O— ]*R, where- 
5 in R is an alkyl, aryl, aralkyl or cycloalkyE radi- 
cal and x is an integer greater than one. Alkyl 
radicals of eight carbon chain length or less 
are preferred, in reactions where k is desfted 
t» separate the reaction products by distillation. 

10 In reactions where it is desired to allow the 
reaction products to remain together without 
separation, higher chain length, or the highetr- 
molecular-weight alkyl or aryl groups are use- 
ful The carboxylic ester reaction product in 

15 some applications can he usefully allowed to 
remain in admixture with the newly formed 
titanium ester as a modifier of the plastic 
product as shown in Example VII. 

Specific fcitanium esters suitable for use in 

20 the process of the invention include tetra- 
alkyl titanates such as tetraethyi titanate, 
terra-n-propyl titarute, tEtra&opropyl fciran- 
ace and tetrastcatryl titanate; tctraaryi titanates 
such as tetraphenyl titanate; mixed alkyl tit- 

25 anates such as dimethyl diisopropyl titanate, 
diethyl distearyl titanate, diisopropyl di- 
phenyl Qtanate and diethyl dicyclohexyl tit- 
arare; polymeric or condensed alkyl or aryl 
titanates, such as polyisofxropyl titanate, poly- 
30 isoamyl titanate, and polypheny! titanate, and 
substituted alkyl and aryl titanates, such as 
tetra-monochloroethyi titanaite, and tetra-di- 
ctdorpfoenyl titanate. 

The carboxylic acid esters which may be 

35 employed in tiiis invention include any 
organic compound containing the ester linkage 

O 

!! 

indicated by the structure, A — C — O — C-<£ 
where A is hydrogen or the carbon atom, 
~ C, of an organic group. Thus, the simple 

40 estere of the type R^CCOOCR, where R is 
hydrogen or a hydrocarbon radical as well as 
the poly-esters containing chains of ester link- 
ages, can be used, as cam multiple esters other 
than those usually referred to as polyesters, 

45 such as die esterification produces of di, tri 
and polybasic acids with mono, di and poly- 
hydroxy alcohols, and the estenfication pro- 
ducts of di, tri and rx>ly-hydroxy alcohols with 
monobasic adds. The hydrocarbon radicals 

50 present in the esters may be alkyl 3 cycloalkyl, 
aryl, cycloaryi and of mixed hydrocarbon 



structure. Furthermore, the presence of com- 
patible subsrjtuents such as ether groups or 
cHoro-hydrocarbon radicals in the R groups 
5s also a possible chaiaderistic of the organic 55 
esters useful in mis invention. Examples of 
these radicals are CHa — , C 3 H, — , 
CH^CHCR,— , CoH 5 — , . CH,CH 4 — , 
C«H n — ; C*H S CH 2 — , — CH 2 --CH 2 — , 
— CcH,— , 03,0— y CH 3 — O— C fi H<— , and 60 
— CH 2 — C=. Since these.radicals-are Ito be 
substituted for those in the titanium esters 
the types suitable for one reactant find use in 
the other reactant It is also possible to use 
organic esters of dibasic carboxylic acids as 65 
well as carboxylic arid esters of polybasic 
alcohols. The selection of the carboxylic acid 
ester for a particular operation will depend 
on the desired reaction product, and separation 
of the co-products when the latter is *o be 70 
effected. 

Among the specific carboxylic acid estefrs 
which may be used within the scope of the 
invention are included nfcose formed by re- 
action of monohydric alcohols with mono- 75 
basic carboxylic acids of which n-butyl acet- 
ate, isobutyl acetate, isoamyl acetate, ethyl 
ben2oate, and n-amyl scearase are examples; 
those formed by the reaction of polyhydric 
alcohols with monobasic carboxylic acids, of 80 
which glycerol, triacetate, glycol diaoertate, 1 
propylene glycol diaoetate, and glycerides as 
Sin naturally occurring oils and falB, ate 
examples; those formed by "the reaction! . of 
polyalcohols and polybasic carboxylic acids of 85 
which the glycerol-phthalic add polyesters and 
ethylene glycol-phthalic acid polyesters aire 
examples; those formed from monohydric 
alcohols and polybasic carboxylic acids, of 
which the dimethyl sebacate and polymethyl- 90 
methacryiate are examples, and fatty acid 
esters of co-polymers, an example of whjth 
is the soy adds, esflers of "Epon" resin, 
" Epon " resin being a co-polymer of epi- 
chlorhydrin and p, /£biphenol 95 

The transesterjfication reaction of the in- 
vention may be illustrated by the following 
equations, wherein a) titanium ester is (reacted 
with an organic ester, said organic esrer re- 
actant having at least one organic radical de- 100 
rived from the alcohol portion of the organic 
ester which is different from at least one of 
the organic radicals of the mtamumi ester re- 
actant. 



105 (a) *ITi(OR) 1 + 4R i O0CCH,-> T^OR 1 ). -f 4ROOCCH a 
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R^OOCCH, 
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(1) such as polymethacrylatie, where R, R 1 
and R 11 are all different and arc alkyl, aryl 
aralkyl or or cyclcalkyl radicals. 

A solvent for the reactants or reaction mix- 

5 ture is sometimes found to be advantageous. 
Usually, an anhydrous hydrocarbon solvent is 
preferred, but any inert anhydrous organic 
solvent may be used. 

The reactions~~of "this invention can i take 

10 place under varying conditions but mild 
application of heat is generally desSred as the 
metathesis is favored by rise in luanpieraturc. 
The liquid state for bom essrer leagentB is also 
advantageous and this condition is realized in 

15 an undiluted system when the reactants are 
liquids, at normal asmperatures. When one or 
both of the esters are solids, the Equid state 
may be reached by an elevation of temperature 
ojr by the use of solvents as disclosed above. 

20 Temperatures of from 50* C tt> 200" C may 
be selected but a temperature within the 
range of 75' C. and 125" G is considered as 
giving good results within a reasonable Reac- 
tion time. 

25 . The production of new and useful titanium 
esiers of known composition is possible by 
our process as it has been disdosed when using 
the esters having the hydrocarbon radicals 
enumerated above. There as no tendency to 

30 unduly complicated chemical reactions when 
die saturated aliphatic radicals as listed 
earlier in this specification aire used in these 
metathetdcal reactions. 
The advanages of die invention indude not 

35 only an improved method for the preparation 
of titanium esters difficult io prepare by older 
methods, but also indude an alternate method 
for the - preparation of those carboxylic acid 
ester co-produds not easily or economically 

40 prepared by the usual methods of manufac- 
turing such organic esters. 
What we daim is: — 
1. A process for diemically modifying a 
cerra or mixed orthotitanate of the formula 

45 Ti(OR) 4 or a polymeric tfranate of the 
formula RO[— Ti(OR) a O— ]*R, wherein R 
is an alkyi, aryl, aralkyl or cycloalkyl radical 
" and x is an integer greater than 1, which com- 
prises ffansesterifying such a titanium ester 

50 wiStfa a carboxylic add ester containing at least 
one organic radical in its alcohol-derived por- 
tion which is different from at least one or- 
ganic radical of the titanium ester and con- 
taining no free hydroxyl groups, to form a 



product titanium ester different from the re- 55 
actant titanium ester and a co-product car- , 
boxylic add ester different frcm the reactanr 
carboxylic acid ester. 

2. A process according to Claim 1, where- 
in the substttuents R each contain at least 6 60 
carbon; aioms. 

3. A process according to Claim 1, where- 
iin said titanium ester is tetraisopropyl 
titanate and said carboxylic add estetr is «- 
butyl acetate. 65 

4. A process according to Claim 3, where- 
in the tetraisopropyl titanate and the n-butyl 
acetate are employed in approximately 
stoichiometric quantities. 

5. A process according tx> Claim 3 where- 70 
in the tetraisopropyl titanate and the n-butyl 
acetate are employed in the proportion of 
approximately one mole of the former per two 
moles of the latter. 

6. A process according to Qaim 1, wherein 75 
said titanium ester is setasrisopiopyl titanate 
and said carboxylic add esoer* is guaiacoi 
acetate, the tetraisopropyl titanate and the 
guaiacoi acetate being employed in the pro- 
portion of approximately one mols of the 80 
former per two moles of the latter. 

7. A process according to any of the pre- 
ceding Claims induding the step of separat- 
ing the (reaction products. 

8. A process according m Claim 7, wherein 85 
the reaction products are separated as formed, 

for example, by distillation. 

9. A process according to Qaim 2 wherein 
the carboxylic acid ester is an ester of a poly- 
I'iydroxy organic compound. ^ 90 

10. A process according to Qaim 9, wherein 
the reaction mixture is heated to a tempera- 
ture above its gel point and the products of 
the reaction are not separated. 

11. A process according to either of Claims 95 
9 or 10, wherein the titanium ester is reira- 
octyl titanate and the carboxylic add eater is 
coconut oil. 

12. A process for chemically modifying a 
titanium ester substantially as herein de- 100 
scribed with refeTence to the examples. 

13. Modified titanium escars when produced 
by the process according to any of the pre- 
ceding c fafrns. 

PAGE, WHITE & FARRER, 
Chartered Patent- Agents,^ - 
27, Chancery Lane, London, W.C2. 
Agents for the Applicants. 
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